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NOTICES

When U.S. Government drawings, specifications, or other data are used

for any purpose other than a definitely related Government procurement

operation , the Government thereby incurs no responsibility nor any obli-

gation whatsoever , and the fact that the Government may have formulated ,

furnished , or in any way supplied the said drawings, specifications, or

other data , is not to be regarded by implication or otherwise , or in any

manner licensing the holder or any person or corporation , or conveying

any rights or permission to manu facture , use , or sell any patented inven-

tions that may in any~’Vay be related thereto.

FOREWORD

This report was submitted by United Technologies/ChemiCal Systems

Division, P.O. Box 358, Sunnyvale, CA 911086, under contract No. F011611_

78—c—oolo, job order No. 305909 LR with the Air Force Rocket Propulsion

Laboratory, Edwards Air Force Base, California 93523.

This report has been reviewed by the Information Office /XOJ and

r~ 
/ is releasable to the National Technical Information Service (NTIS).

At NTIS it will be available to the general public, including foreign

nations • This technical report has been reviewed and is approved for
publication ; it is unclassified and suitable for general public release .

THOMAS L. KINSEL JAMES D. AHLSTROM, Major , USAF

Project er Branch Chief
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1.0 INTRODUCTION

Design studies of advanced ICBMs have Indicated the need for increased
performance requirements in advanced solid rocket motors. Advanced propel-
lant systems involve high flame temperatures and high solids loading which
increase the severity of the nozzle environment. Testing of these advanced
nozzles must be

• 
conducted at sufficient scale and environment severity to

realistically simulate their usage in actual systems.

To meet t Is end , AFRPL will conduct a series of 7—In. C/C nozzle tests
• 

• 

as part of the overall Air Force C/C effort. These nozzles, to be fabricated
by CSD under APRPL contract No. F04611—78-C-0022 using GFE supplied C/C bil-
lets for the ITE, will be tested on AFRPL’s SLSH motor . The SLSH motor is
one in a family of cartridge loaded ballistic test motors at AFRPL which pro-
vides the Air Force with a unique and varied test capability. The propellant
for these test motors is generally provided by AFRPL selected contractors.

CSD was selected to provide the APRPL with seven loaded SLSH cartridges
under contract No. F011611_78_C_OOlO for testing of the seven 7—In, nozzles.
All seven cartridges were cast with UTP—18,803A propellant which is a 90%
solids, 21% aluminized HTPB formulation. This is the same propellant which
was previously cast into 20 ELSH and 10 814—in. Char cartridges under contract
No. F011611-76-C-OO1O and reported In AFRPL-TR—77—92. As In the earlier pro-
gram , the UTP-18,803A was cast in GFE cartridges which were insulated with
OKCO-9250 silica—asbestos rubber and lined with UTL.—OO1IOA liner. A total of
32 400—gal batches of UTP—18,803A , representing over 150,000 lb of propel-
lant , were produced In fulfilling the requirements of this contract. This

• brings the total amount of IJTP—18,8o3A produced under production conditions
to over 880,000 lb.

in addition to the casting of the seven ~ ‘ains with IJTP—18,803A , CSD
also cast one grain with IJTI-610B, which Is an inert propellant. This grain,
using the same casting tooling and cast to the same basic configuration
as the seven UTP— 18,803A grains, is used as a volume restriotor for the
ELSH motor by replacing a live grain in the four cartridge loaded motor.

5 
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• This allows AFRPL to further extend Its test flexibility f or  Its existing
family of ballistic test motors.

This document presents a description of the work accomplished in ful-
filling the requirements of contract No. F01$611—78-C—0010. Since many of the
detailed discussions relating to specific characteristics of the UTP—le,803A

propellant and UTL—00 110A liner were previously discussed in AFRPL-TR—77-92 ,
these discussions will not be repeated here. The interested reader will,
however, be directed to the above report for further detailed discussions

at the appropriate sections of’ this document.

H

I /

I —

6

__________ •



2.0 OBJECTIVE/SCOPE

The objective of this program was to design, fabricate , and deliver
to AFRPL seven cartridge loaded propellant grains suitable for testing of

• - advanced ballistic missile nozzle components and materials in a realistic
• pro !*llant environment .

In addition , one cartridge loaded inert propellant grain was provided

for use as a volume restrictor in the ELSH motor .

The objective of this program was accomplished as a two—phase program .

The first phase consisted of the design and analysis of the cartridge loaded

propellant grains for the SLSH test motor to ensure that they met the pro—
• gram requirements .

The second phase consisted of the casting and delivery of the loaded

cartridges to AFRPL for use in the hardware testing program .

, 1
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3.0 SUPIIARY

The objective of contract No. F04611—78—C-OO1O was accomplished as a
two—phase program from 3 January 1978 to 28 February 1979. Phase I covered

the design and analysis of the cartridge loaded propellant grains for both

the single inert grain (UTI—61C’- propellant) and the seven live grains (UT?-

18,803A propellant). Casting and delivery of the eight grains to AFRPL was

completed in phase II.

The grain designs were based on using the casting tooling previously

designed , fabricated , and used under contract No. F04611—76—C—O01O. There-

fore the phase I effort , as described further in section 4.0, was primarily
based on conducting a comparative analysis between the earlier grain con-

figuration used under contract No. F04611—7 6—C—OO1O and that being cast

here. Having once demonstrated the adequacy of the grain designs, castings

were initiated under phase II. Phase II provided delivery of’ the following

loaded propellant cartridges to AFRPL: (1) one 84—in. ELSH cartridge

• loaded with the inert propellant UTI—610B, (2) seven 811—in. SLSH cartridges

loaded with UTP—18,803A , (3) 32 15—lb Bates nozzles and cartridges loaded

with UTP—18,803A , and (11) 14 70—lb Bates nozzles and cartridges loaded

with UTP—18,803A.

Table 1 presents a su ary by product ion run of the loaded cartr idges
cast under this program. The following paragraphs present a brief descrip-

tion of the propellant/liner characterIstics. Section 4.0 presents a more

complete discussion of the work accomplished in the program ’s two phases.

The appendices to this report present the Bates motor test data obta ined
• by AFRPL as part of its cartridge acceptance evaluations arid the product

• acceptance records for each of the delivered loaded SLSH cartridges.

3.1 INERT GRAIN (UTI—610B)

The inert grain was cast with UTI—6108 inert propellant in an insulated

GFE cartridge using the GFE casting tooling from contract No. F04611-76-C-

0010. The grain configuration is shown in figure 1. Table 2 provides the
• formulation for UTI—610B. The liner used was Al—122—2C. Table 3 provides

9
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TABLE 2. UTI-6 lOB FORMULATION

CSD
Ingredient Specification Nominal Wt-S

Polybutadiene—acrylic acid—
acrylonitrile (PBAA-AN) 4ODS—40704 12.88

Nadic methyl anhydride
(NMA) I4ODS—40705 0.71 17.50

Liquid epoxy resin, DER 322
or Epon 825 40DS—40703 3.91

Di—octyl adipate (DOA) 140D3—40727 3.17

Aluminum powder , 5159
ALCOA None 20.00

Phythalocyanine Blue phthalo
Blue or Bt465—D—Monastral
Blue None 0.10

Fe AA None 0.03

Sodium chloride , Na Cl ,
• Vacuum Butter None 41.44

Ameonium sulfate , (NH4)2S04
food grade , ground None 17.76

• TABLE 3. AL— 122—2C LINER FORMULATION

Applicable
CSD Material Wt—%

Ingredient Specification Minimum Nominal Maximum

Polybutadiene—acrylic 4ODS—40704 20.0 26.69 30.0
acid—acrylonitrile
(PBAA—AN )

Nadic methyl 4ODS—40705 15.0 16.1 19.0
anhydride ( NMA )

Ferric oxide IIODS—40706 1.0 2.9 5.0

Polytetramethylene 4ODS—40707 4 .5 7.5 8.5
ether glycol

Resin , liquid epoxy 1IODS—40708 35.0 44.3 46.3

Pyrogenic silica 4ODS—40719 2.0 2.5 3.0

12



the liner formulation. Since the fabrication approach for the inert grain

followed very closely that for the grains cast with UTP—18,803A , the discus—

sion in section 4.0 will be limited strictly to a description of the latter
grains. The procedures discussed , however , apply equally to the fabr icat ion

of the inert grain.

3.2 LIVE GRAINS (UTP- l8,803A)

• Seven GFE SLSH cartridges were insulated witti ORCO—9250 rubber, lined

with UTL-0040A liner and cast with UTP—18,803A propellant. This was the

same system used in casting the 30 84—in . cartridges under contract No.
F04611—76—C-0O10. The casting tooling from contract No. F04611—76—C—0010
was used in manufacturing the grains for this program with the only differ-

ence between the two grain configurations being the grain length (76.83 in.

versus 70 in.). Figure 2 presents the grain design.

Table 4 presents the formulation of UTP—18,803A ; table 5 sumarizes

some of the key properties of the propellant. This propellant is virtually

Newtonian and exhibits a pot life in excess of 12—hr.

• A more detailed discussion of the propellant characteristics (i.e.,

rheological propert ies , ball istic characteristics , A? particle size effects
on burning rate, physical properties and hazards) is presented in section

• 3.0 of AFRP L-T R—77—9 2.

The formulation and key properties for the UTL—0040A liner are given in
table 6. CSD has standardized the use of this liner with current HTPB propel-

lant systems. As discussed in AFRPL—TR—77—92, UTL—0040A provides the best

bond characteristics if it i~ partially preoured for 
16 hr at 140 F. This

was the approach used in this program . The liner can , however , be held up to

and additional 72 hr at 120 F without exhibiting any detrimental effect on

propellant/liner/insulation bond strength. A further discussion of the liner

physical propertieb and migration effects is presented in section 3.0 of’

AFRPL.—TR—77—92.

13
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TABLE 5. KEY PROPERTIES OF UTP—18 ,803A PROPELLANT

Ballistic Properties Theoretical Properties

Burning Rate I~~~ , sec 264.3
• • (1,000 pau lO F),  in./sec 0.42 c~ , ft/ sec 5 ,172

(1,400 psi/i0 F),  in ./sec 0.492 y (efficiency) 1.11

Pressure exponent 0.37 T
~ 

(1,000 psi) , F 6 ,250
Density, lb/in. 3 0.0666

Mechanical Properties at 70 F
Hazard Characteristics

am, psi 144

a C , p81 180 Impact sensitivity (50%

C C 
~ 27.5 

f ire) , kg—cm 35

28 
Friction sensitivity (ESSO)

E0, psI 1,458 
Negative No grit

• Positive Pyrex
grit

Processing Characteristics 
Autoignition temperature, F

at 10 sec 670
Mix viscosity at 160 F 1 hr
after curative addition , kps 2 to 4 at 30 sec 580

Pot l ife at 160 F , hr 12 DOT classification Class B

TABLE 6. FORMUlATION AND PROPERTIES OF UTL-0040A LINER

Formulation

R—45M HTPB 41.8%
.,
~~ DDI 12.2%

HX—868 6.0%
A0 2246 0.5%
Carbon black 39.5%

Properties

Density 0.425 lb/in. 3

• 1 Thermal conductivity 2.27 x l3 6 
Etu/in. sec F

• 
f 

Ultimate strain (70 F) 160 to 340%
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4.0 WORK ACCOMPLISHED

4.1 PHASE I — DESIGN REQUIRE~4ENTS, 84—IN . PROPELLANT GRAINS

The design criteria called for a propellant grain configuration

consisting of a loaded cartridge meeting the following basic requirements.

Throat diameter , in. 7

Average chamber pressure , psi 1 ,250 A 60

Erosion rate , mils/sec 10
Action time , sec 60

MEOP at 70 F , psi 1,700
Propellant 90% solids, 21% aluminum

11.1.1 Gra in Design

A firm data base was already available from the CSD ELSH/84—in. Char
designs produced under contract No. F046 11—76—C— 0O 10 with respect to propel—

lant characteristics. The grain design , shown in figure 2 , used the casting

mandrels , base plates , and rounding rings which were available from contract

No. F04611—76—C—0O10.

This gra in design resulted in the nominal web burn and chamber pressure

histories shown in figure 3. These curves were acquired using CSD’s inter—

nal ballistics computer program (LF12ZZZ). The program accepts the grain

geometry, propellant , and motor data as input , calculates the surface area
history, then switches to an internal ballistic mode so that a complete end-

to—end analysis is obtained with one computer access. The program divides

the motor into a finite number of sections or modules . Fach module performs

• according to its local conditions (Mach number , burning rate , and static

pressure). Mach number and pressure—field calculations were determined from

1D flow equations; however, the program has a 2D capability for model slot
flow and flow behind a submerged nozzle. The program also accounts for ero-

sive burning effects by a modified versicn of the Lenior—Robillard equation .

The program simulates actual motor conditions in that rtonequilibrium condi—

tions are assumed for the mass flow in and out of the chamber. In this

manner , a continuous rate of change in chamber pressure is obtained so that
ignition transients and tailoff blowdown are automatically obtained.

17
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Figure 3. SLSH Predicted Ballistics
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IL1.2 Grain Thermal Analysis

The thermal adequacy of the basic ELSHJSL.SH cartridge insulation and
internal cc.nponents has been throughly demonstrated by the successful test

firing of four Super HIPPO , eleven FLSH, and several SLSH cartridges . A

ma jority of these cartridges was tested with the 90% solids , 21% aluminized
HTPB propellant .

4.1.2.1 Analysis Results Sumeary

The thermal analysis of the insulation design had been completed by CSD

under contract to AFRPL during the design phase for each of the motors
mentioned above. In particular , the ELSH motor insulation had been analyzed

for an average test pressure of 1 ,400 psi and web action time of 59 sec using
UTP- 18 ,803A. Since the SLSH operating conditions were the same as for ELSH

except that the SLSH operating pressure was lower by 150 psi , the thermal
analysis for ELSH could be applied conservatively to SLSH. Therefore no addi-

tional thermal analysis for the SLSH/UTP— 18 ,803A use was required . A discus-
sion of the ~~SH thermal analysis is presented below , however , to demonstrate

the methodology used in originally verifying the insulation adequacy under

• contract No. F046 11—76—C—0O 10.

The results of the analysis (ablation and char depths ) are su~~arized in

table 7. The results show that all safety factors are in excess of 2.0 on

the cartridge wall insulation and 1.4 on the restrictor.

• 4.1.2.2 Analysis Approach

The objective of the thermal analysis was to determine the thermal

adequacy of the insulation design for the motor ballistic conditions specified.
Components which were included in the analysis were the grain forward

• restrictor and cartridge insulator. All analysis results were computed

using 1D gas dynamics and ablation predictions were derived scaling available

correlated test data .

Thermal analysis of sacrificial insulators in a high temperature , corro—

sive heating environment is performed by either scaling previous test data
parameters or by basing predicted performance on a proven theoretical model.
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With few exceptions , the theoretical model has given acceptable results when
analyzing ablation and char penetration of phenolic ablators . Whenever pos-
sible , however , it is safer to rely on available data to scale theoretical

calculations and as a guide for expectations of thermal degradation . At
present , there is no reliable alternative to the scaling of correlated test

data when analyzing the ablative performance of silica—tilled and asbestos-
silica—filled rubber materials.

Analysis of components in the high temperature, high aluminum content

combustion environments in the SLSH/ELSH motors is complex due to the domin-

ance of gas radiation as the principal component (up to 90%) of the heat

flux. In low Mach number regions , the convection heating and erosion mach-

anisin may be effective ly decoupled from the actual ablative performance of

the material. Material degradation due to thermal penetration in a rad iation
dominant environment , however , may be limited to surface char and swelling .

Under these conditions , the most promising analysis technique is one where

radiation and convection heating are treated as separate ablation—causing
• mechanisms.

Of the available data on erosion of silica—asbestos—loaded Buna—N rubber

in low Mach number environments, the data available at the time of this analy-

sis having the closest environment to that of the ELSH/SLSH motors were from

the forward closures of the large scale test motors fired during the C14 EDP.

(Subsequent test data from ~LSH , Char , and SLSH verify the adequacy of this

data.) The rubber ablation in the LS—1 and LS—2 forward closures was nearly
• 

• uniform over the entire closure and the heating environment~ was one of high

radiation and low Mach number. The data from these two motors are tabulated

in table 8 together with typical data for silica rubber from the Titan for-

ward closure; the scaled average ablation rate, due to radiation heating in

the ELSH motor , is also shown. The basic assumptions of this calculation

are (1) average ablation rate is proportional to radiation heat flux ;

(2) below a heat flux of approximately 4.28 Btu/in .2/sec , silica—filled
• Buna-N rubber exhibits the same heating/ablating characteristics; (3)

ablation due to radiation heating is independent of pressure level ; and

21 
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TABLE 8. ABLATION DATA FOR FORWARD CLOSURE RUBBER

Chamber
Pressure , Alumin um,

Moto r psi Wt— % T0 , R grad mu /sec

Titan 574 16 5,999 4.28 1.5 to 2.0

LS1t 778 18 6,309 5.23 2.31

LS2t 950 18 6,339 5.33 3.30

ELSH/Super HIPPO 1,500 21 6,775 6.98 5.70

* Average ablation rates are for silica—asbestos loaded Buna—N rubber except
for Titan data which is si1i~a—fil1ed Buna-N rubber.

t Large-scale test motors from C’4 EDP.

(4) emissivity of high alumina content gases under considerat ion may be
assumed to be unity due to the large beam lengths in the forward closure.

The scaled average ablation rate of 6 mils/sec for silica—asbestos—

loaded Buna—N rubber was prescribed as the radiation induced part of the

ablation boundary condition to all silica—asbestos rubber components. A

similar average ablation rate of 7.5 mils/aec for silica—asbestos rubber com—

• ponents was computed based on average relative performance of the two mate-

rials. The average ablation rates thus computed were applied to all silica—

asbestos—loaded Buna—N rubber components as the average erosion rates caused

by radiation heat flux.

In the higher Mach number regions of the cartridge insulation , the
erosion was computed as a linear summation of the average radiation erosion

rates and a convective heat flux dependent average ablation rate scaled from the

correlative portion of the heat flux. Figure 4 illustrates the correlations

for the convective portion of the heat flux. The convective heat flux was

calculated with a time—dependent Bartz convective heat transfer coefficient

and a constant ablating surface temperature of 2,000 F. The Bartz heat

trsnsfer coefficients were calculated from chamber gas properties and a

local time—dependent 1D Mach number. This Mach number varied linearly from

22
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Figure II. Correlation of Convective Heat Flux with Rubber
- • Ablation Data from Titan 120—in. SRMs

an assumed initial value of 0.01 to a 1D Mach number computed at the grain

diameter when the flow from the burned back grain attaches at the point of

interest. From this time until the end of firing, the 1D Mach number was

assumed to vary linearly with time to the 1D value of the diameter of the
• analysis station. This method of computing convectfve heat transfer

coefficients and predicting ablation has been shown to give results which
A

compare favorably with test data.

14.1.3 Grain Structural Analysis

14.1.3.1 Analysis Approach

From a structural viewpoint , the SLSH propellant grains were conserva-

• 
tively characterized as cartridge—loaded cylindrical grains with a b/a of

approximately 3 and an LID of approximately 1. They have free ends with a

rubber inhibitor on one end and no stress—relief boots at the bond terminations.

- As such, they were analyzed with a conventional quasiviscoelastic analysis

method . Conventional 2D quasiviscoelastic analysis includes the use of an

• 23
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elastic finite—element analysis in which the elastic properties used are

derived from a viscoelastic characterization of the propellant. When nec-

essary, nonlinear behavior was taken into account in a simplified manner.
This analysis procedure , verified by successful motor firing, has been

used for all 84—in. motor grains delivered by CSD to AFRPL.

For this study the Rohm and Haas finite—element analysis program for

axisymmetric isotropic solids in an orthotropic case was used. Although a

variety of computer programs are available at CSD (table 9) this program has

been thoroughly evaluated for grain analysis and provides a good quality , eco-

nomical analysis method . Although this is an elastic analysis method , the

viscoelastic behavior of a grain is adequately represented by selecting a

uniform grain modulus from relaxation modulus data. Nonlinear effects demon-

strated by dilatation or a nonlinear stress/strain curve can also be repre-

sented in a simplified manner for use in this program. This is done by using

the Von Mises expression for the effective stress in an element and selecting

an appropriate modulus for each element based on a uniaxial stress/strain

curve for the applicable loading rate. By making one or two iterative solu-

tions with the finite—element program , the stress and strain in each elemen t
can be made to form a pair consistent with the stress/strain curve. The

model used for this analysis is shown in figure 5.

The stress and strain components used for cooldown and storage analysis

are the bore hoop strain for bore cracking and the maximum principle stress

for bond termination failures. These are compared with the measured endur-

ance failure strain in a biaxial stress field and the measured endurance

uniaxial stress, respectively. The values are obtained from tests at the
• temperatures which give the minimum safety margins.

11.1.3.2 Analysis Results

The margins of’ safety for all the principal failure modes are summarized

in table 10. The locations of the lowest margins of safety are shown in

• figure 6 which is the profile of the grain deformed by a thermal load. It

24
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TABLE 9. PRINCIPAL STRUCTURAL ANALYSIS COMPUTER PROGRAMS

Label Capability Source

ANC 032 Finite element; Axisyuinetric isotropic Robin & Haas Co.
(CSD No. continuum; orthotropic shell; linear strain Huntsville, AL
LI65ZZZ) elements; CSD.

ANG 033 Finite element; plane isotropic continuum; Robin & Ilaas Co.
(CSD No. orthutropic shell perpendicular to plane of Huntsville, AL
LI82ZZZ) analysis; linear stra:Ln elements.

SAAS III Finite element; axisyinmetric orthotropic Aerospace Corp .
(CSD No. continuum; linear strain elements. San Bernardino, CA
LI77ZZZ)

BOSOR Finite difference; orthotropic layered shell; Lockheed MSC, Inc.
nonsymmetric loads; stress, stability, and Palo Alto, CA
dynamic response.

• STAGS Finite difference; orthotropic layered shells Lockheed MSC , Inc.
of general shape; nonuniform loads; stress Palo Alto, CA
and stability calculations. Nonlinear geo-
metric response.

- 
NASTRAN General structural analysis program. NASA

TEXGAP Finite element; axisyinmetric orthotropic University of Texas/
continuum; orthotropic shell; higher order CSD

- elements; nonsymmetric loads; fracture
• mechanics elements.

I
AMG 038 Finite element; axisymmetric isotropic Rohm & Haas Co.
(CSD No. continuum ; orthotropic shell; nonsymmetric Huntsville, AL
LI94ZZZ) loads; linear strain elements.

• SAP III General structural analysis program ; includes University of
a higher order three—dimensional element and California,• 

• 
various plate and beam elements. Berkeley, CA

SA034 Nonlinear, two—dimensional viscoelastic AFRPL
• SA035 solid propellant grain analysis Edwards AFB, CA

SA036
SA037
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should be noted here that the required factors of safety for the propellant

(1.5 ) and the bondlines (2.0) have been applied to the calculated stresses

be fore deriving the margins of safety. Three—sigma maximum propellant and
bond responses to the loads have been calculated and three—sigma minimum
failure properties have been used . This combination shows a probability of

grain failure of 1 in 1O9 if the margins of safety are zero.

4.2 PHASE II — PROPELLANT PROCESSING AND QA FOR 84-IN. PROPELLANT GRAINS

It was CSD’s objective to provide a quality product at minimum cost by

implementing a well planned , effectively controlled , and operationally dis-

ciplined approach to the production of the SLSH cartridges. The signifi-

cant elements in CSD’s approach in meeting this objective were (1) process

controls , (2) mixer selection, (3) quality controls , (4 ) process logic and

• processing. Each of these items is discussed in detail in the following
subsections.

4.2.1 Process Controls
During the course of HTPB propellant and liner processing, CSD has

• obtained extensive knowledge and experience of those factors which affect

overall quality and performance. CSD has found that the HTPB family pro-

duces excellent propellants. However, production of reproducible propellant

batches has been found somewhat more sensitive to certain process variables

than have the PHAN or CTPB propellant systems. Some of these variables that
• require special attention are : ( 1) effect of mix shear rate , (2) mixer

process conditions , (3) elapsed process time , ( 14 ) propellant burning rate
control , and (5) liner curing. These variables and their importance are

summarized in table 11.

L.

a 
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TABLE 11. PROCESS CONTROLS
(Sheet 1 of 2)

Parameter Effect Control Comments

Mixer shear Significant isocyanote Limit mixer shear NCO/OH ratio
rate consumption due to rate sampled at the

temperature and mixer end of mix
shear conditions

Mixer
variables

~Mix Low temperatures could Maintain 145 ± 5 F Temperature
temperature produce a thick layer during mixing control is

adding thermal resis— maintained by
tance resulting in controlled mixer
unmixed areas speed and jacket

wa ter temperature

Vacuum Needed to produce Mainta in pressure
void-free mixture of less than 10—

mmHg during mixing

Elapsed mix Impact final pro— Careful observance Short mix—time
time pellant mechanica l of time of mix and can result in

properties time between batches poor ingredient
mixing and re—
suit in unsatis-
factory pro-
pellant charact—
er ist ics

Too long of a
mix time for
multibatch

• casting may
• result in

gelling of the
initial batches
prior to com-
pletion of’
cast ing re-
sulting in
poor mechani—
cal (kni t t ing )

• character istics

-i
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TABLE 11. PROCESS CONTROLS
(Sheet 2 of 2)

Parameter Effect Control Comments

Temperature Excessive temperature Monitor time to keep This criteria is
history could reduce the liner conditions below based on labora-

propellant bond allowable of 214 hr. tory tests and
strength of last at 130 F verified by
propellant cast full—scale

84—in , castings

Burning Out of specification Established in—pro-
rate conditions can result ceas LSBR—ocntrolo

in undesireable motor
operation Verify cured pro—

pellant performance
in subscale motors
(e.g., 14—lb , 15—lb
Bates , 70—lb Bates)

• Liner curing Adequate curing time Limits set on cure
needed for strength temperature and
to resist propellant cure time
flow but not over—

V cured such as to
impair bondability

H / V

* Section 4.2.2 discusses mixer selection

• 314
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4.2.2 Mixer Selection

CSD uses two basic mixer types in production processing: vertical plane-

tary and vertical helical blade mixers. Both types are designed for use with

changeable mixer bowls. Each bowl has an undercarriage for over—the—road

towing and is equipped with a flush bottom discharge valve. A pressure lid

and follower plate is installed on the mix bowl which permits casting
directly from the bowl. This change—bowl technique permits short cycle times

at the mix station as it eliminates the need for both fuel and propellant

transfer carts and removes the mixer bowl and valve cleaning function from

the mixing operation. The two largest vertical mixers at CSD are the 750-gal

Mixco helical blade mixer and the 400—gal Day planetary blade mixer. Both

mixers have been used in large quantity production of propellants.

The characteristic mixing actions of the planetary and helical mixers

are very different; the helical mixer uses a (vertical) pumping action to

achieve mixing and depends on the flow characteristics of the mix being

made, while the planetary mixer is less dependent on the fluidity characteris—
• tic of the mix to achieve mixing but mixes by more of a kneading action. For

more fluid propellants, such as the 814% solids loaded PBAN, the helical mixer
1I’ith its current blade configuration is more efficient for production than

the pl anetary mixers. For propellants that exhibit a high Bingham plastic

characteristic or are shear rate or temperature sensitive such as many of the

high solids—loaded HTPB propellants, the planetary mixer provides better proc—

• 
0 ess control. For this reason, and as a result of experience to date with

UTP.-18,803A in the 400—gal planetary mixer, this mixer was selected for this

program.

• 
0 

14.2.3 Quality Controls

QC requirements , methods, and procedures for HTPB propellant processing
have been established and demonstrated on previous IR&D and contract programs

and all propellant inspection and test data collected have been used to

optimize acceptance methods for this program.
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Specifi c controls employed to adequately control the quality and docu-

ment the critical processing areas described in section 4.2.1 are provided

below :

A. Effect of Shear Rate

CSD has developed inspection methods for determining ingredient concen-

trations. The key technique is GPC, which separates the propellant
binder into its constituents (plasticizer, curative , HTPB , and polymer)
and provides fingerprint scans of these ingredients within the premix

$ and propellant. GPC was also used to determine the percent HX—752 in
premix A~, the percent oxidizer and aluminum in premix C before curative

addition , and the percent curative in the completed propellant. &iifts
in the fingerprint scan after curative addition indicate the degree of

propellant cure.

Infrared scans are also made of premix C. A calibration curve is pre—

pared using premix C plus artificially adding the proper percent of cura—

tive (IPDI). This is then scanned and curative versus absorbants is

plotted . A scan is then prepared for the final mixed propellant to

determine the amount of IPDI within the mix. A quantitative value for

IPDI can then be c?loulated from the calibration curve.

A fingerprint scan is taken of the finished propellant for verification

that all ingredients are present and for comparison with scans from

other batches of propellant. Thus, a redundant check is provided on

weighing , mixer speed , power , and temperature control.

V 
B. Mixer Process Conditions
Controllable mixer variables such as speed , mixer jacket water tempera-

ture, vacuum, and mix time have been identified in section 4.2.1. These

parameters , together with dependent variables such as mix temperature

V 
and power input, were included in the detailed processing procedure (see
appendix C, AFRPL—TR—77—92) and they required buyoff and verification

• by processing and QC personnel. Actual speeds, temperatures, times ,

* See table 16 for identification of content of premixes.
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etc., were documented for record purposes . Variations from established

requirements required written disposition and direction by process and
quality engineers.

C. Elapsed Process Time

0 Controllable variables and time requirements were included in the
detailed procedure. QC laboratory inspection/test activities were

accomplished very quickly to provide authority to continue; i.e., mixed

propellant was analyzed by the QC laboratory in the time required for

the propellant pot to arrive at the casting station and be hooked up for
casting. Total elapsed time was less than 1 hr.

D. Propellant Burning Rate Control
LSBRs were conducted by the QC laboratory both for premix C before adding
curative and for the f inal  propellant prior to go—ahead approval for casting. 0

Process control and acceptance limits have been established for the LSBRs (see

appendix B , AFRPL—TR— 77—92) and the results were reported immediately to

process and quali ty engineers for evaluation and batch acceptance. QC

process control charts were maintained current to track LSBR . To control the

va riations of ratios of ground—to—unground AP or any other variations required

to compensate for  single batch va riation , process and quality engineering

must authorize the change by preparing a planning change order defining 0

0 I the detailed changes plus the justification for such a change. This pro-

vides assurance that all such activities were planned, approved , and
documented before initiating the action. V

E. Liner Curing

Controlla ble liner cure operat ions of time and temperature are defined
by detailed procedure (see appendix J , AFRPL—TR—77—92). The cure cycle

was monitored by recording temperature versus time continuously and

providing QC surveillance/review of’ the temperature cycle.

These specific controls and inspect ions assured that batch—to—batch

variations were minimal. AddLtional acceptance testing was conducted and

reported in the PAR for each cartridge (see appendix B) to provide final yen-

fication that the propellant met all specification requirements. 

V —~~~~ 
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14.2.4 Processing Logic

Based on CSD experience with processing UTP-18,803A and the previously

discussed considerations , the following logic was followed for processing:

A. All materials were purchased to existing detailed specifications . 
V

and after acceptance were stored in environmentally controlled 4
facilities suitable for each chemical.

B. Each propellant chemical was purchased as a single lot to eliminate

V 
any effects of lot—to—lot variation.

C. All processing was performed in conformance with controlled proce-

dures and specification. Any changes to procedures or specifica-

tions went through formal review and approval.

D. All materials requiring special preparation before use (such as

grinding of the oxidizer) were processed within a specified maximum
• time after preparation to eliminate time—dependent variations.

E. The time—temperature history for precured liner was maintained

within specified limits over the entire cycle from applicat ions
of liner to completion of propellant casting.

F. The 400-gal planetary mixer was used for maximum batch—to—batch

reproducibility of the propellant .

G. During the mix cycle , the specified limits for process conditions

(such as jacket wall temperat ure , propellant mix temperat ure , vac-

V 
uum mix time for each step , and mixer rpm) were rigorously met.

H. For each defined QC inspection point , specific acceptance criteria

were def ined and rigidly enforced.
I. Corrective actions and alternate courses of action were defined for

all potent ial problems during the processing cycle so that no event
interfered with completion of the mix/c..st cycle within specified

time limits . Any situations which were not covered by these
0 advanced preparations were handled by the MRB (personnel from pro-

V gram management , engineering, QC , and the customer) for critical 0

discrepancies.

J. Cartridges were put through the entire process cycle in pairs, when

possible, to minimize the program cost.
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H Implementation of the processing logic discussed above through the

various mechanical steps of the process flow shown in figure 7 is described 0

in the following sections. A summary of all the QC inspections/tests

associated with the specific cartridge processing steps with related

acceptance criteria is shown in table 12.

4.2.5 Materials Control and Process Tooling Description

Mate rials Control

Mater ials control inclu ded the timely purchase of all materials required
for the program , accep tance , proper storage , handling, and contro l of usage

0 of those materials.

A. Procedure
Each propellant ingredient was procured as a sing le lot. These ingredi— V

ents were stored in specially controlled areas and bonded for use only

on this program.

AP was purchased in one crossblended lot. The purchased AP oxidizer was

V stored at the vendor site . It was shipped to CSD in 5, 000—lb flo—bins.
The flo—bins were stored inside the oxidizer storage building (station

0 
0300). A comparison of the CSD A? specification to the specification

In AFRPL—TR—73— 11 1 indicates that the CSD specification is tighter

in most respects . Of particular interest are the tighter CSD require-

ments on sulfonated ash (0.50% versus 0 .9 % ) ;  perchlorate assay (98.5%

versus 98 .3%) ;  moIsture (0.065% maximum versus 0.09 maximum) .

Aluminum was received in truck load shipments of’ 140 ,000 lb and was

stored at CSD building 0331 until use .

BDR_L45, ID? , and IPDI were shipped and stored in 55—gal sealed drums in 0

CSD building 01460 until required for use .
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~~ 752 , HX 868, and DDI~ lIe10 were received in email containers and were
stored under refrigeration in the cold box at CSD building 0210.

Upon receipt of the insulated cartridges, they were inspected for com-
• pliance to the requirements of drawing C13200.

- B. QC arid Acceptance Criteria

All chemical raw materials were inspected upon receipt at CSD. The rou-

tine inspection is defined in QC laboratory procedure QC-201 and con-

sists of verification of identification, checking for shipment/handling

damage or contamination , review of vendor certifications, and test

results for compliance of purchase order requirements.

In addition , specific verification tests were conducted to corroborate
V the vendor test data. All such tests were conducted to sampling plans

per MIL—STD—~ê2~ , table A-2, C—i , and C—3 at an inspection level of IV

and an AQL of 1.0. Table 13 provides a su ary of raw chemicals for theV SLSH loaded cartridge , the parameters which were verified by the CSD QC

laboratory, the reasons for verification, acceptance criteria, and a

- 
reference to existing QC laboratory procedures used to conduct the veri-

fication. Since extended storage was required for some of the mate-

rials , the reinspection period is also reflected in the table.

a - i  Reinspection requirements are defined in detail in QC laboratory proce-

. 1 dure QC—J702.

V Process Tooling

The tooling used to cast the ELSH grains under contract No. F0461l—76—

C—OOlO was used to cast the SLSH grains for this program. The tooling, which

V was provided as GFE, is illustrated in figure 8 and its major components are

descrtb~~ below.

A. Transportation and Process Pallet

V This pallet was used to support the cartridge throughout the propellant

loading process . Since the process takes place in several stations ,

this pallet was also used to support the loaded cartridge during its

transportation through the plant .
i~3
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B. Baseplate/Rounding Ring
- Earlier experience in loading fiberglass cartridges showed that they did

not stay round during thermal cycles. To ensure that the loaded car—

tridges met drawing roundness requirements, a machined steel rounding ring
V was used at the forward end of the cartridge throughout the process. a

C. Rolddown/Rounding Ring

This machined steel ring was used to round the aft end of the cartridge

in the same manner described above for the cartridge forward end . In

add ition, this ring also provided a means to attach tiedown cables to

secure the cartridge to the support pallet.

D. Mandrel

The mandrel consisted of aluminum veidments, machined to the correct

conf iguration, and Teflon coated which provided accurate and reproducible
grains throughout the program.

E. Cartridge Lifting Fixture
V A lift fixture for the SLSH cartridges was provided as GFE which consisted

V of steel weldments which attached to the vertical cartridge s at the lift

V holes located equally spaced around the upper end of each cartridge .

When not in use , tooling was protected and stored to prevent damage or

/ 
degradation. Upon removal from storage , all tooling was checked for function—

V 
ality and to assure that special coated surfaces were adequate . Upon program

a completion , the tooling was returned to AFRPL.

~L2.6 Cartridge Insulation

The SLSB cartridges were insulated by a CSD—selected vendor . The insula-

ted cartridge configuration is shown in figure 9 with specific details of the
insulation configuration presented in the following subparagraphs.

V i~.2.6.1 Insulation of cartridge Side Wall

A. Procedure

This function was performed by a CSD-selected vendor. (The same vendor

also installed the items described in sections v.2.6.2 and 1~.2.6 3).

•L. ~‘V 
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Figure 8. Basic Tooling Concept for SLSH Cartridges
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The aft side wall of the SLSN cartridge s was insulated with silica—asbestos
loaded Buna-N rubber (ORCO—9250) . The rubber insulation was bonded to the
cartridge with an epoxy adhesive (EA—92 1 ) in three sections ; each section
insulated approximately one—third of the circumference of the cartridge.

V 

V 

- 
B. QC and Acceptance Criteria

Upon receipt of the insulated cartridge at C~~, the insulation wasV 

visually inspected for proper location and 100% bond at the edges. Any
V unbonded areas were repaired by injecting EA—921 into them with a
V 

caulking gun. 
V

V 4.2.6.2 Forward Restrictor Installation

A. Procedure V

A restrictor was bonded to the forward end of each of the cartridges

with an epoxy adhesive. The restrictor was a disc of silica—asbestos— V

filled Buna-N rubber (ORCO-9250), the same rubber as was used for the
- 

sidewall insulation.

- B. QC and Acceptanc e Criteria

V ( Upon receipt at CSD , the insulated cartridge was inspected for restric—
I 

tor location and unbonds . All unbonded areas were repaired by inject-

ing them with EA— 913 followed by adhesive cure.

V 
4.2.6.3 Installation of Fiberglass Reinforcing Strip and Joint Protection

Strip

A. Procedure

A woven fiberglas., reinforcing strip was bonded to the forward end of
- the cartridge OD to reinforce the restrictor to cartridge bond (figure 9).

In addi t ion , a large fillet of Al 227—70 potting compound was cast into the

cartridge where it was bonded to the forward restrictor (figure 9).

Al 227—70 is a polymide—epoxy resin potting compound that is used by CSD

primarily to pot propellan t stress relief boots and repair minor insulation—
V to—propellant bond separations on the Titan h I D  segments and closures .
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It bonds well to both the Buns—N rubber insulation and propellant . This V
fillet is used to ensure that the propellant surface in this area is not

inadvertently ignited by hot gas flow through an undetected gas path in

the cartridge—to—restrictor bond line. This fillet was cast in place by
the vendor who insulated the cartridge.

B. QC and Acceptance Criteria

Upon receipt at CSD, the fiberglass reinforcing strip and the joint V

protector were inspected for proper location and unbonds. Any unbonds

were repaired using EA—913 adhesive.

4.2.7 Liner (UTL—0040A)

4.2.7.1 Liner Preparation

V A. Procedure

V 
Liner UTL~00140A was used for the SLSH cartridges. The nominal composi-

tion of the liner is given below: 
V

Mater ials 
~2!~~!lW ~:1~

BDR—45M 41.8 
*

HX—868 6

V Thermax 40
DDI— 14i0 12.2

UTL—0040A was mixed in a 5—gal planetary blade mixer, which has a

capacity of 80 lb of liner, sufficient for lining two cartridges. The

mixer has a special capability for adding dry powdered ingredients

through a vibratory screener—feeder into the mix bowl with agitation and
under vacuum conditions.

All chemical ingredients used were analyzed and accepted before use. A

double weighing/double operator check of ingredient weights was used .
All ingredients for the 5—gal mix station were weighed in a separate

V V
V 

weighout room. A separate set of scales in the mixer building

was used to reweigh ingredients just before addition to the mixer.
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Mixing operations and all materials used were controlled by process

procedures and 0&QRs. The basic process steps for mixing UTL—0040A

liner are shown in figure 10.

~~~
HX-868

~~~~4O4~~~~~~~~~
---- -4 we~ j_1 

_ _ _ _ _

~~~~ 5~~~J-s 44~r~~~
a-___. 

~~
j_

Wei9h wo I ~ at 120 F) 1

Weigh f 
I 

~~~~~~~~~~

[lO min at 120

_ _ _ _ _ _ _ _ _ _ _ _  

Jr
I Weigh J VaCUU(fl IfliX

one third [4 O min at 120 F)

[
DDI~~41O J—.O-K~j >- -

~~ weigh 1~
V

(4O min at 120 Fl
C) QA Verification Points

( V

Figure 10. Flow Di~~r~m for Liner Mixing Process

A premix of two—thirds of the BDR-45M polymer and two-thirds of the MX-

868 was made by mixing at 120 F for 10 m m .  Less than the fully required 
V

amount of the BDR-115M was used to achieve a high visocity mix of polymer
and Thermax. Following this Initial premix step, the Thermax was loaded

into the screener—feeder, and vacuum was applied to the system (10-mm Hg

absolute pressure). The Thermax was then added and mixed into the
a polymer premix at a predetermined rate. Mixing was continued for 10 mm

beyond the time of the last Thermax addition. The mix bowl was lowered ,
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the blades scraped down, and the remaining one-third of the BDR—45M

polymer added. The bowl was raised, and mixing continued for 10

mm at low speed to incorporate the liquid polymer. Vacuum was applied

to the bowl (10-am Hg absolute pressure) and mixing continued for an

additional 30 m m .  V

Curative was added to the bowl and mixed for 10 mm at low speed to

avoid splashing and loss of curative to the upper mixer head. An addi-

tional mix time of 15 mm under vacuum was used. This was followed

by blade scrapedown and another 15 mm vacuum mix cycle and 120 F.

B. QC and Acceptance Criteria

QC samples were withdrawn to determine correct premix and final mix V

formulation. Table i~l provides a s~~~ary of the inspections, tests ,

and associated acceptance criteria.

4.2.7.2 Liner Application

~.. Procedure
The insulated cartridge was solvent wiped as a final cleaning step and

placed in an oven at 200i10 F for a minimum of 16 hr to remove any

traces of residual solvent. The cartridge was then cooled so that

the wall temperature was between 100 to 130 F before the UTL~00i40A

liner application .

- 
V Approximately 25 lb of QC—accepted UTL—00’IOA liner was applied to the

side wall and restrictor. The liner was cured in the casting oven just

before propellant casting to avoid overouring the liner.

B. QC and Acceptance Criteria

Liner samples were prepared from the liner batch used to line the car-

tridge. These included one sample tray for mechanical properties and V

V 

one peel tray for liner—to—propellant bond testing. The samples were

sent to the casting oven to be cast with the cartridge.

V 
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QC verification steps included verification of liner weight and verifi—

cation that all surfaces of the insulation were covered with liner.

4.2.8 Casting Tooling Assembly and Liner Precuring

V 
A. Procedure

V 

The Tefl on—coated mandrel was installed in the lined cartridge and

secured to the forward face of the lined restrictor through the casting

baseplate. Aft centering rods were installed between the mandrel and

the ID of the cartridge to ensure core centering. The completed cast-

ing assembly was then weighed. After weighing, the cartridge was trans-

ported to the vacuum casting and curing oven . Once removed from the

V transporter, it was placed in the oven and leveled as required. The

oven lid was installed and vacuum checked to ensure that there were no

unbonds between the uncured liner and the cartridge. After the vacuum

check, the cartridge was heated in the oven for 16±1 hr at 140±10 F

to partially cure the UTL—0040A liner . Liner samples were cured

with the cartridge.

- B. QC and Acceptance Criteria
QC inspection points during this operation included in—process checks

to verify that preheat cure cycles followed established procedures. V

/ Inspection also included verification of the mandrel configuration and

V location for grain configuration as well as verification of casting

assembly weight.

V 4 .2 .9  Propellant (UTP— 18 ,803A)

14.2.9.1 Propellant Mixing

A. Procedure 
V

V UTP—18,803A propellant mixing operations included (1) fuel premix

V 
preparation ; (2) oxidizer preparation ; and (3) mixing the oxidizer, fuel ,

and curative together to make propellant. The process flow diagram for

UTP—l8,803A is given in figure 11 and discussed below.
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Figure 11. ProceSs Flow Diagram for UTP— 18 ,803A Propellant

/ 
V

V Fuel Premix Preparation
V 

Before loading the SLSH cartridges, which required nine propellant

batches for two grains , fuel premix (R—45M , HX—752, PRO_TECH
®
, Al)

was made in a master batch in a premix facility separate and removed

from the propellant mix station. This is the same technique used for
V 

all castings of UTP—18,803A made under contract No. F014611—76—C—0O1O.

Several distinct advantages arise from the use of large master batches 
V

of’ fuel premix:
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1. Improved batch—to—batch uniformity and reproducibility. For
example, a typical 5,000—lb propellant batch will contain 1 ,525 lb
of fuel and be weighed to an accuracy of 0.5 lb. This is a

potential variation of 0.03% and, since the BDR~1l5M is one—fift h of
the fuel, the variation in NCO/OH is 0.0002.

2. Less time to charge the propellant mixer. This results in
significantly reduced turnaround times between batches (3 versus 9
hr) and a shorter time for loading the cartridge (15 versus 45 hr).

3. Overall improvement of efficiency from a reduced number of individ—
ual weighings, QC analyses, and manually—controlled mixing
operations.

Fuel premix was prepared in batches of 30,000 lb at the fue l premix

V station. This quantity of fuel premix converts to approximately 98,000
V 

lb of propellant , or enough propellant for loading four SLSH cartridges.

Fuel premix preparation consisted of the following operations:

V 1. ID? plasticizer was weighed into a jacketed, heating mixing vessel
- equipped with an agitator and heated to approximately 160 F.

2. HX—752 was taken from the cold box storage (0 F) arid warmed to 80

to 120 F to facilitate handling. The HX—752 was weighed and added
V to the IDP. The two ingredients were mixed under moderately high

shear conditions by using a Cowles—type agitator to obtain proper

V dispersion . A QC sample was taken to assure correct composition.

3. R-45M and PRO—TECH 2705 were weighed and added to the primary fuel

premix vessel followed by the ID? and HX—752 mixture. This vessel

was equipped with an agitator to provide adequate dispersion of liq—
V uid fuels an d aluminum powder . A QC sample was analyzed to verify

composition .
14. Aluminum powder was weighed , added , and mixed by means of agitation

V 
V 

into the liquid fuels. After adequate mixing of aluminum and liq—

u id fuels , a sample was analyzed to assure conformance to

V 57

V_ V -~~~ ~_V~~~~~~~~V V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ V V V V  ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V~ V V V~~~V V V V V _ V V V V V V _ V V V V V V V~~~~~~



V~~~~ ~~~~~~~~~~~~~~~~~~~~~~
- - -

~~~~~~ -

acceptable standards. In order to maintain a uniform composition ,
the completed premix was stirred continuously to prevent settling
of the aluminum.

5. Aliquot portions of the fuel premix master batch were weighed and

added to the mix bowl at the fuel mixing station and transported to
the mixer station.

Oxidizer Preparation

UTP- 18 ,803A is a bimodal AP blend propellant containing both ground (9•5 V

micron) and unground (200 micron) oxidizer fractions. The CSD oxidizer

facilities are designed to weigh out , grind , and load these fractions
into an oxidizer transfer cart. Oxidizer was received at the oxidizer

preparation station in 5,000—lb fib—bins. The required unground oxi-
dizer fraction for a batch of propellant was discharged directly through

a magnetic grate and scalper screen into the flo—bin , which is on a
redundant electrical/mechanical scale. (The double weighing concept

hat proven itself in controlling weight variations.) The oxidizer

from a second transfer cart was discharged through the magnetic grate V

and scalper screen into the grinder feed bin. The feed bin was then

transported to the oxidizer grinding station and positioned over a

screw feeder which fed the grinder at a controlled rate. The grinder,

a Raymond hammer mill, which has a grinding capacity of 2,000 lb/hr,

V yielded reproducible particles to the desired size of 9.5 microns.
This was achieved by using a predetermined hammer conr iguration ,

V 

controlled hammer speed , and feed rate.

QC acceptance samples of ground and unground oxidizer were taken to

ensure conformance to particle size arid moisture standards.

The ground oxidizer was discharged directly from the mill into a flo—bin

which contained the preweighed unground oxidizer and which was resting

on an electronic weighing scale. The increase in fib—bin weight was con—

tinuously monitored as ground oxidizer was added to the flo—bin until

the correct weight of the ground oxidizer had been obtained. The cor-

rect weight was verified under static conditions by redundant weighings

_  V 
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on the electronic and mechanical scales. The weights were recorded

and verified by QC in accordance with established procedures. This

assured that the correct weight of each oxidizer function had been

- 

added to the flo-abin and that the correct ratio of ground to unground

oxidizer had been prepared.

V Mix Procedure Description

The 400—gal mixer capacity is variable , and propellant batches ranging
from 1 ,200 to 5,600 lb may be prepared. For the SLSH grains, a nominal
5, 000—lb batch size was used .

V The motor drive for the 400-gal mixer is equipped with a variable speed

control which allows selection of any desired speed between 0 and 24

rpm. During startup, the blades were slowly accelerated to the desired
V 

speed. During mixer shutdown , the blades were slowed to 0 rpm by manual
control. A wattmeter recorded power density.

V In mixing, the blade action causes the entire volume of the mixer bowl

to be swept by the blades during a half revolution of the planetary

- action. This assures that all parts of the batch are suh~ected to blade

action. Blade—to—blade and blade—to—wall clearance in the 400—gal mixer

Is 0.250 to 0.400 in., respectively. Heat transfer and temperature are

V controlled in the mixer. During operation a water jacket temperature
V about 5 F lower than batch temperature is needed to maIntain a constant

batch temperature. The small blade clearance and small temperature
V differential greatly reduce the possibility of unmixed propellant

adhering to the mixer bowl wall. A summary of the 400—gal mix procedure 
V

is shown in table 15 and discussed below.

The bowl was raised to the mix position, water jacket circu lation line s

attached , and oxidizer cart positioned over the screener—feeder. Oxi—

d~zer was added to the fuel at a controlled rate over a nominal period

of 30 m m .  The oxidizer was fed to the mixer via a vibratory screener-
feeder which can be operated continuously or intermittantly , as
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TABLE 15. 400-GAL MIX PROCEDUR E FOR HTPB PROPELLANTS

Jacket Blade Ilix Propellan t
Temperature, Speed , Time, Pressure, Temperature,

Operation F RPM mm mm Hg F V

Add premix C to mix bowl
(R45M, IDP, HX752,
PRO—TECH® and Al) 145 - - Atmosphere —
Add Al’ to mix bowl 145 12 30 Atmosphere 90 to 140

Vacuum mix 145 12 30 10 140± 10

Scrape down; take QA
sample; add IPDI 120 to 150 — — Atmosphere 140±10

120 to 150 — — Atmosphere 140± 10

Vacuum mix 120 to 150 12 30 10 140± 10
V Shut down; take QA

sample 120 to 150 — — Atmosphere 140±10

required. The feeder permits controlled oxidizer addition on a unit
weight per minute basis. The operator monitored the mixer instantaneous

V power level and controlled oxidizer addition so that the power level was
maintained at about 15 kw. All of the oxidizer added to the mixer
passed through a 1/4—in , mesh screen with an effective opening of 3/16
in.

A mixer blade speed of 12 rpm was used , and 135 F water was circulated
through the jacket. Mixing was continued for 10 mm after addition of
the oxidizer. The oxidizer cart was then removed , and the addition port

V 

closed.

Incorporation of the oxidizer into the mix was completed by vacuum
mixing at an absolute pressure of less than 20—mm Hg, with a blade speed
of 12 rpm, and at a temperature of 140±5 F. After vacuum mixing, the

V 

bowl was lowered, and the blades and upper part of the bowl were scraped
V down.
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A QC sample was taken at this point to verify solids content and LSBR .

Following QC acceptance of the above sample, curative was added , the
bowl raised , the blades set in mo~.Ion to 12 rpm , and mixing continued

at an absolute pressure of 10—mm I~ at a temperature of 140*5 F for
V 30 m~n.

Then the bowl was lowered and QC samples were taken to verity curative
V content , solids content , and LSBR. The bowl was covered and transported

to the casting station , where the follower plate and pressure lid were

installed.

Propellant casting proceeded upon verification of QC test results.

B. QC and Acceptance Criteria
V QC inspections/tests and associated acceptance criteria for the mixer

operation are summarized in table 16.

V 
Detailed process sampling procedures are defined by existing QC labora-

tory procedure QC—K400 to assure that samples taken from materials,

premixes , or final mixes are truly representative of the material being

V 
tested and to assure that th is material is being handled properly
to provide meaningful test results.

/
4.2.9 .2  Propellant Casting and Curing

V 
A. Procedure

Following mix operations, the propellant mix bowl was received at

the casting station. Propellant for sample casting (e.g., 4—lb motors,

15- and 70-lb Bates, as well as mechanical property samples) were

taken from the mix , and a follower plate and pressure dome installed
on the bowl. The bowl was then moved to the casting oven where it

was connected to the casting line and casting manifold in the oven.
- After the QC laboratory notified casting personnel that the batch
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was acceptable , the casting valve was opened and the batch cast into
the preheated cartridge . A vacuum of approximately 35— Hg was
maintained in the chamb VVr during casting to minimize entrapment of
gases in the propellant.

At completion of the vacuum casting operation , the propellant was
trowelled to height as specified on the fabrication drawing (C13199—01—
01 , figure 2) ,  with a minor quantity of propellant removed or added as
required to meet drawing requirements. The loaded cartridges were cured
for 10 days *12 hr at 140± 10 F. At completion of the cure cycle , the
cartridges were cooled for a minimum of 24 hr before stripping

operations .

The following propellant samples were made for this program: 70—lb Bates
V motor (two per SLSH cartridge), 15—lb Bates motor (one per propellant

ba tch) ,  4—lb ballistic motors ( four per propellant batch), 0.5 gal
V 

mechanical properties cartons (two per propellant batch), peel trays

(one per cartridge).

B. QC and Acceptance Criteria

Following casting operations, the propellant sample cartons and peel

trays were sent to the QC laboratory for testing. The cure cycle

records were monitored to assure that procedure/specification

requirements were satisfied.
(

V 4.2.10 Casting Tooling, Stripping, and Grain Trimming

V A. Procedure

After a 10 day cure at a nominal 140 F and a 1—day cooldown , the loaded
assembly was weighed to the nearest 0.1% to determine net propellant

weight. The mandrel was removed using a hydroset fixture. The car-

tridge was removed from the casting base, lifted , and placed on

V supports , while the forward restrictor was inspected visually for

separation and by audio testing for unbonds. The cartridge was then
V 

placed on the shipping pallet.
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I B. QC and Acceptance Criteria

Table 17 provides the QC inspection/test which was conducted on the

loaded cartridge and identifies the associated acceptance criteria (see

section 4.2.12 for further detailed discussion of the loaded cartridge

NDT).

V 
‘ 

TABLE 17. QC AND ACCEPTANCE CRITERIA FOR &ISH

I Acceptance Criteria Corrective
Reason for CSD Action, If Out

V 
Inspection/Test Inspection/Test Limits Procedure of Specification

Inspect all visible Acceptance None 0&QR Pill with Al—227—70
surfaces for per B/P allowed
separations /unbonds

V 

Inspect all propel— Acceptance None 0&QR Submit to MRB or
lant surfaces for per B/P allowed repair per note 15
cracks and voids of drawing C13199

V Dimensionally Acceptance
V 

inspect grain: per B/P Submit to MR-B
V length Per B/P 0&QR

bore Per B/P O&QR
roundness Per B/P 0&QR

Workmanship : Acceptance None O&QR Submit to MR-B
V 

Free of defects per B/P allowed
which could

- affect function

Weight to 0.1% Determine net Per B/P 0&QR ‘Submit to MR-B
V propellant

weight

Visually inspect Acceptance
forward reatrictors per B/P Per B/P 0&QR Submi t to Illith
f or unbonds and
separat ions at
edges

L I 4 ,2 . 1 1  Loaded Cartridge Packaging and Shipping

V A. Procedure
I The GPE shipping pallet design was in accordance with the basic require-
1 . ments of the code of federal regulations (DOT) and made by CSD on con-

tract No. F04611—73—C—0023. The pallet design and method of tiedown
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~ V

has been approved by the Bureau of Explosives and has been assigned a

permanent approval number (BA—1845) which is marked on the shipping
pallet.

V 

The shipping pallet was constructed as shown in figure 12 to accept the

cartridge grain in the vertical attitude and is secured to the pallet by
four tie—down assemblies. Dessicant bags were inserted into the grain
perforation to maintain the relative humidity at less than 50%. The

open end of the cartridge was closed by using a cne—piece cover of
electrostatic free (electroconductive) barrier material, 4—mil thick,

which was taped to the 01) of the cartridge to form s waterproof closure.

A plywood shipping closure was placed onto the top of the cartridge and

secured in place by using tension steel strapping attached to the

V 
pallet.

- 
V The palletized cartridge grains were loaded directly onto the card’iers’

equipment by using an ove~’head crane and the GFE lifting fixture.

4.2.12 SLSH Loaded Cartridge NDT and Data Reporting

CSD produced a NDT baseline offering zero risk of catastrophic failure

based on the small risk of out—of specification performance as demonstrated
V 

with UTP—18,803A under contract No. F04611—76—C—O010. The baseline NDT

approach used on SLSH loaded cartridges included restrictor audio testing,

propellant surface examination, visual inspection of bondline edges, weight

control , propellant mechanical property, and bond system control (peel
tests). The quality certification that was provided with each deliverable

cartridge (see appendix B) included :

A. General certification that B/P and specification and control

requirements had been met
B. Cartridge P/N and S/N identification

C. Summary of MRB actions or waivers
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D. PARs for the loaded cartridge verifying conformance to the

acceptance criteria. V

All detailed backup records and data are aintained on file at CSD and

are available to the Government f or review upon request.

/
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V VV - V __
~V~~~ ~ _L ’a~~~~ _ ’a ’~~ 

~~~~~~~~~~~ VV ~~V~~~ V V ~ fV V

- 5.0 CONCLUSIONS V

- - This program has further demonstrated CSD’s ability to efficiently V

• process reproducible, high so3ids loaded, HTPB propellant under full—scale
production conditions . The data obtained from this effort adds signifi— 

V

- cantly to the information previously obtained under contract No. F046 11—
V V - 76—C—0O10 and verifies the conclusions reached from that effort in the

areas of propellant processing , propellant burning rate , burning rate
control , and mechanical properties as stated in AFRPL—T R—77—92 .
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15—LB BATES MOTOR FIRINGS
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INTRODUCTION

The 15— lb Bates test firings are suimnarized in appendix A. Various

parameters are listed for each firing along with a plot of thrust, chamber
V 

I 
pressure , and the ratio of thrust/chamber pressure as provided by AFRPL
(see figures A— i through A—l0 ) .

Table A—i provides a cross—reference between the AFRPL test run number,
I Bates tube identification number, and the CSD propellant batch number. The

loaded SLSH cartridge which contains each of these specific propellant batches

is also identified.

V 

TABLE A— i. 15—LB BATES MOTOR FIRINGS
V 

- 
T14955

Batch Used
in 81$—in. Reference 

V

Run No. Tube No. Batch No. SLSH No. Figure No.

lU8B—087 1080 400—1652 2660—01 A—i

148B—088 1100 400—1654 2660—01 A—2

l48B—O91 1084 400—1662 2660—04 A—3

148B—o92 1092 400—1666 2660—03

1148B—093 1096 400—1668 2660—03 A—5

I l48B_0914 1097 400—1670 2660—05 A—6
- V 

148B—095 liii 400—1674 2660—05 A—7

1488—097 1104 400—1673 2660—05 A—8
V 148B—098 1094 400—1679 2660—07 A—9

-
~~ 148B—099 1114 400—1683 2660—07 A—la

I _  
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T’1958
Burnina Rate at 85 Y

I 800 psia 1 000 paia
Batch No. (IPS) (IPS) 

V

kOO— 1670 0.378 0.~e09
~$00—1671 0.380 0.I~12

V - V 

1e00 1672 0.380 0.140i~
~00— 1673 0.37~ 0.~$09
400— 167k 0.385 0.~ 20

Total of
V five batches
V 

‘~00—1670 0.379 0.1~12
through

V 

‘~00—167’~

- Specification Limits

Upper 0.1e03 0.~~2
V Lower 0.360 0.397

Burning Rate Exponent

V 

0.3665 belOW 1100 psia
0.6680 above 1100 psia

V i

1

- 
I I V

- ~~~~~~~~~~~~~~~~ 
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H TABLE B-14

Burning Rate at 85 F
BOO psia 1 ,000 psia

Batch No. (IPS) (IPS)

UOo—1675 0.3814 0.1422
1400—1676 0.387 0.1422
1400—1677 0.379 0.1412
1400—1578 0.376 0.1409
1400.1679 0.3914 0.1415

V 
1400..168o 0.3814 0.1422
1400..168i 0.385 0.L120
1400~1682 0.385 0.1419
1400—1683 0.386 0.1420

Total of V

nine batches
1400 1675 through 1683 0.382 0.1417

S/N 2360—06 0.381 0.1415
BatchesV 1400— 1675 through 1679

S/N 2%0—07 0.385 0.44 1 9 - 

V

V Bato!les
V 

1l00...vS79 through 1683

V Specification Limits

Upper 0.1403
Lower 0.360 0.397

I 

-

V -i I
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ABBREVIATIONS
AFRPL Air Force Rocket Propulsion Laboratory

• AP amsonium perch].orate V

AQL acceptable quality level

V 
BATES ballistic and test evaluation system

I • C/C carbon/carbon
CSD Chemical Systems Division

DOT Department of Transportation
EDP engineering development program
ELSH extended length super HIPPO
EOF end of firing

GFE Government—furnished equipment V

GPC gel permeation chromatography
HIPPO high Internal pressure producing orifice

HTPB hydroxyl—terminated polybutadlene 
V

V ICBM intercontinental ballistic missile

ID Inner diameter

IDP isodecyl pelargonate

V IPDI isophorone dilsocyanate

IR&D independent research and development
V 

- ITE Integral throat and entrance
LSBR liquid strand burning rate

V 

- 
MEOP maximum expected operating pressure

MRB MaterIal Review Board
NDT nondestructive testing

OD outside diameter

O&QR operation and quality record
PAR product acceptance record

PBAN poly (butadiene—acrylIc acid—acrylonitrile)

PCO Procuring Contracting Officer

QC quality control

SLSH short length super HIPPO

SRM solid rocket motor

UTI Chemical Systems Division inert propellant prefix
UTL Chemical Systems Division liner prefix
UTP Chemical Systems Division propellant prefix

-

~~ 
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